pigs with congenital tremor (CT) (Hause et al., 2015) . The following year, an experiential inoculation of APPV demonstrated CT in piglets (Arruda et al., 2016) . Subsequently, APPV has been identified in porcine CT cases from Austria, Brazil, Canada, China, Germany, Hungary, the Netherlands, Spain and Sweden (Arruda et al., 2016; de Groof et al., 2016; Dénes et al., 2018; Dessureault, Choinière, Provost, & Gagnon, 2018; Gatto et al., 2018; Muñoz-González et al., 2017; Pan et al., 2018; Postel et al., 2016; Shen et al., 2018; Yuan et al., 2017; Zhang et al., 2017 Zhang et al., , 2018 . In China, two distant groups of APPV have been identified based on the coding sequences (CDS) of APPV strains .
Our study identified PPgV and APPV by NGS, leading to the development a semi-quantitative RT-PCR (sqRT-PCR) for these viruses to determine the occurrence of PPgV and APPV in diagnostic samples from the US. The PPgV and APPV strains from the NGS samples were phylogenetically compared to the globally available strains.
| MATERIAL SANDME THODS
During August-September of 2016, two cases were submitted to the University of Minnesota Veterinary Diagnostic Laboratory (UMVDL) to determine the causative agent of disease. Case 1 consisted of 10 serum samples from a sow farm in Minnesota experiencing an increasing incidence of mummified and stillborn foetuses.
The case was negative for routinely tested porcine pathogens. Case 2 consisted of oral fluid and was selected for NGS to discover new pathogens. The samples from these two cases were processed and submitted for library preparation and NGS on the Illumina MiSeq platform, using previously described methods (Jarvis et al., 2016) .
The raw data were analysed using in-house NGS pipeline with custom bioinformatics tools (Knutson, Velayudhan, & Marthaler, 2017) .
Nucleotide and amino acid alignments were constructed using MAFFT in Geneious v9.1.8, and phylogenetic trees were built using PMYML with a GTR substitution model and bootstrapped with 500 replicates.
A duplex semi-quantitative RT-PCR (sqRT-PCR) was developed for simultaneous detection of PPgV and APPV. The PPgV primers and probe were designed based on the available PPgV strains (KU351669-KU351671) at the time of the study and the PPgV sequence from our laboratory (KY798013). The APPV primers and probe were designed based on the 11 APPV strains available at the time of this study (KY624591, KX929062, KX778724, KU041639, KY612413, KX950762, KX950761, KY652092, LT594521, KU194229, KR011347) and the APPV sequence from our laboratory (MF590069). The PPgV and APPV primer and probe sets (Table S1) utilized the TaqMan Fast Virus 1-Step Master Mix using recommended guidelines (Thermo Fisher, Austin, TX) and 8 μl of RNA. PCR was run in the 7500 Fast Real-Time PCR System (Thermo Fisher) with the following thermal cycling conditions: reverse transcription (RT), 50°C for 5 min; RT inactivation/initial denaturation, 95°C for 20 s; followed by 40 cycles of denaturation at 95°C for 3 s and annealing at 60°C for 30 s. The analytical sensitivity was determined using custom gBlock (IDT, Skokie, IL) containing the PPgV and APPV targets while the analytical specificity was determined with 58 swine pathogens ( Figure S1 ). The duplex sqRT-PCR was used to test additional clinical diagnostic cases of serum or tissue from US swine herds, which were submitted to the UMVDL for routine diagnostics or surveillance for common porcine pathogens.
| RE SULTS
In case 1, 10 serum samples were negative for routinely tested porcine pathogens by PCR and viral isolation, and PPgV was the only virus detected in two of the 10 samples (samples 4 and 6), using NGS. Only 173 pegivirus reads were identified in sample 4, whereas 509 reads were identified as pegivirus in sample 6.
Using de novo assembly methods of the PPgV reads from sample 6, two PPgV contigs were obtained and was closed using PPgV strain had a 95.5%-96.3% nucleotide and 98.8%-99.1% amino acid identities of the CDS to the US PPgV strains and had lower nucleotide and amino acid identities to the German strains (87.6%-88.9% and 96.2%-96.4% respectively) ( Table 1 ). In phylogenetic tree, Minnesota-1 strain clustered with other US strains (Group II), which was divergent from the previously reported German PPgV strains (Group 1) ( Figure 1a ).
In case 2, APPV was the only pathogenic virus detected. The APPV-specific reads were de novo assembled, and a single contig representing the APPV genome of 11,397 nucleotides was generated (APPV/Pig-wt/USA/Minnesota-1/2016). The APPV strain 
| D ISCUSS I ON
The 2012; Wang et al., 2018) . In addition, human pegivirus strains can be associated with febrile illness, haemophilia, acute mycocarditis and lymphoma (Bijvand et al., 2018; Fama et al., 2018; Takeuchi et al., 2018; Williams et al., 2018) . In horses, a pathogenic pegivirus 'Theiler disease-associated virus' (TDAV) and non-pathogenic equine pegivirus (EPgV) have been identified indicating not all strains of pegivirus are pathogenic (Kapoor et al., 2013; Smith, Chalmers, & Wedel, 1991; Sturgeon, 2017) . A novel pestivirus, APPV, was recently discovered and causes CT in piglets (Arruda et al., 2016; de Groof et al., 2016; Postel et al., 2016) . Infectivity of piglets during gestation is required to cause CT, and differences in timing of infection and concentration of APPV to piglets in utero are associated with varying severity of CT (Arruda et al., 2016; de Groof et al., 2016) . Our APPV positive cases were not associated with CT, highlighting pigs can be asymptomatic carries of APPV. The US strains clustered in different branches within Group I of the phylogenetic tree, indicating genetic diversity within the US.
However, the diversity of APPV in greater China since the strains were in different groups of the phylogenetic tree.
In this study, a duplex sqRT-PCR was developed to determine the occurrence of PPgV and APPV infections in diagnostic samples from US swine farms, following the discovery of these pathogens using NGS. A sqRT-PCR for PPgV has yet to be described (Baechlein et al., 2016; Yang et al., 2018) , whereas a few sqRT- 
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